The present study provides a further investigation of the neighborhood-frequency eect. Using the masked priming procedure, we found that the neighborhood-frequency eect is obtained not only with primes and targets of the same length but also with primes and targets of a dierent length. This result is not compatible with most current versions of the interactive activation model. Implications of the ®nding are discussed.
Introduction
Recent years have seen an enormous increase in our understanding of visual word recognition, partly due to a fruitful interaction between simulation models and new tasks designed to test predictions of the models. One of these paradigms that has been very useful is the masked priming procedure in which participants have to respond to target words that are preceded by a consciously unnoticeable masked prime. Due to the unawareness of the prime, eects observed with this procedure can be attributed to automatic processes at the early stages of word processing. Using this paradigm, Segui and Grainger (1990) found that prior presentation of a masked neighbor prime (an orthographically related word that diers from the target word in only one letter position) resulted in a longer reaction time to the target word. The inhibitory eect only occurred when the neighbor prime was of higher frequency than the target word. This eect, which Segui and Grainger termed the neighborhood-frequency eect, has since been replicated in a number of dierent paradigms, including lexical decision (e.g., , eye-gaze duration (Grainger, O'Regan, Jacobs & Segui, 1989) and speeded identi®cation (Grainger & Jacobs, 1996) .
The neighborhood-frequency eect was expected on the basis of the interactive activation model (McClelland & Rumelhart, 1981) , which assumes mutually inhibitory connections between lexical representations. Due to the orthographic overlap between a word and its neighbor, the neighbor is activated by the presentation of the target word, and the activation must be inhibited before the target word can be identi®ed. This results in longer reaction times. The frequency eect is explained by assuming that the activation level of a lexical representation depends on the printed frequency of the word.
Previous research on the neighborhood-frequency eect has been limited to neighbors of the same length as the target word. This restriction is partly due to Coltheart, Davelaar, Jonasson, & Besner's (1977) de®nition of a word neighbor and partly to the fact that most simulation models of visual word recognition were con®ned to a single word length. However, there are some indications that during prime presentation, lexical representations of dierent lengths than the target word can become activated and may aect target word recognition. For example, found that in a progressive demasking task, the majority of errors made by the participants concerned the substitution, addition, or deletion of a single letter. These ®ndings suggest that during the process of visual word recognition, not only lexical units of the same length as the target word are activated, but also units of a dierent length.
The aim of the present study was to investigate whether the neighborhood-frequency eect can be extended to primes and targets of a dierent length. For this purpose, the masked priming procedure in combination with a lexical decision task was used.
Materials. All word stimuli were selected from the CELEX database (Baayen, Piepenbrock, & Van Rijn, 1993) . A total of 96 targets (48 words and 48 non-words) were presented. All target words were four-or ®ve-letter Dutch words. Half of the targets were preceded by a prime of the same length (see App. 1), the other half by a prime of a dierent length (see App. 2). Target words were low-frequency words (mean logarithmic frequency per million = 0.5). Prime words were high-frequency neighbor words (mean logarithmic frequency per million = 2.1). Target words were selected so that they had at least one higher-frequency neighbor of the same length. For each target word an unrelated control prime (of the same frequency as the neighbor prime, but with no letters in common with the target word) was selected. For half of the participants, the odd target words of the list were presented with their neighbor prime and the even words with an unrelated control. For the other half of the participants, the combination was reversed.
In addition, 48 non-words were constructed. Half of these nonwords were preceded by a neighbor prime (i.e., a word that could be formed by changing one letter of the non-word), the other half by an unrelated control word. Half of the primes were of the same length as the non-word, the other half were of a dierent length (plus or minus one letter). Care was taken to ensure that all nonwords were pronounceable and orthographically legal strings.
Procedure. Stimuli were presented in isolation at the center of a display screen connected to an IBM-compatible personal computer. The masked prime procedure in combination with a lexical decision task was used. On each trial, two vertical lines appeared at the center of the screen. Between these two lines a forward mask in the form of ®ve hash signs (#####) appeared for a duration of 500 ms. These were ®rst replaced by the prime word for 57 ms and then by the target stimulus. Both stimuli were centered relative to the ®xation location (i.e., participants looked at the third letter of the ®ve-letter words and between the second and the third letter of the four-letter words). The target remained on the screen until the participant indicated``word'' or``non-word'' by pressing one of two keys of a response box. The next trial started one second later. The prime word was presented in lower-case letters, the target word in upper-case letters to minimize physical similarity eects. Participants were instructed to respond as fast and as accurately as possible. Stimulus presentation was randomized with a dierent order for each participant. The responding hand for the word and the non-word trials was counterbalanced across participants.
Results
Mean reaction times and error rates as a function of prime-target relatedness are shown in Table 1 (see also the appendices for the RTs and PEs of the individual words). Incorrect responses (9% of the data for the words, 5% of the data for the non-words) and RTs shorter than 300 ms or longer than 2000 ms (1% for both the words and the non-words) were omitted from the latency analyses. Mean reaction times and error data were analyzed with ANOVAs including two variables: the Length similarity of prime and target, and the Orthographic relatedness of the prime. Results are reported both by participants (F1) and by items (F2).
For the reaction times of the word trials, there were signi®cant main eects of Length similarity, F1(1,47) 39.9, p < .01; F2(1,46) 7.1, p < .05, and Orthographic relatedness, F1(1,47) 10.1, p < .01; F2(1,46) = 5.8, p < .05, and no interaction eect (F1, F2 < 1). Reaction times were longer for target words that were preceded by a prime of a dierent length and for target words that were preceded by an orthographically related neighbor. Planned comparisons showed that the 14-ms inhibitory eect of orthographic relatedness in the samelength condition was not signi®cant, F1(1,47) 1.91, p > .15; F2(1,46) 1.54, p > .20, but that the 21-ms inhibitory eect in the dierent-length condition was signi®cant F1(1,47) 4.3, p < .05; F2(1,46) 4.6, p < .05. The analysis of the percentage of errors only returned a signi®cant eect of Length similarity, F1(1,47) 21.9, p < .01; F2(1,46) 8.0, p < .01, and no reliable eect of Orthographic relatedness, F1(1,47) 1.3; F2(1,46) = 1.2, nor an interaction (F1, F2 < 1).
Because the materials in the dierent-length condition consisted of 12 primes that were longer than the target (e.g., laars±AARS) and 12 primes that were shorter (e.g., kast±KWAST), we were able to examine whether shorter and longer primes produced dierent eects. This was not the case, as only the F1 analysis of the error rates turned out to be reliable, RT: F1(1,46) 1.93, p > .17; F2(1,11) 2.35, p > .15; PE: F1(1,47) 12.04, p < .01; F2(1,11) 3.10, p > .10. Other exploratory analyses we ran (e.g., dierences between letters changed at the beginning and letters changed at the end, dierences between consonants that were changed and vowels that were changed) did not yield signi®cant combinations of F1 and F2 statistics, either. Therefore, they will not be presented at full length here. (See the appendices for the individual word data.)
For the non-word trials, there was only a signi®cant eect of Length similarity of prime and target, both for the reaction times, F1(1,47) 17.6, p < .01; F2(1,46) 4.5, p < .05, and the percentage of errors, F1(1,47) 5.3, p < .05; F2(1,46) 2.1, p > .10. More errors were made when the primes and the target non-words were of dierent lengths. No other eect approached signi®cance (all Fs < 1.2).
Discussion
The results of this experiment replicate previous observations of neighborhood-frequency eects: Lexical decision latencies are longer for words preceded by an orthographic neighbor than for words preceded by an unrelated control prime. More importantly, however, our results show that the eect is present not only for prime-target pairs of the same length but also for pairs of a dierent (neighboring) length. This suggests that during the process of word recognition, not only the lexical entries of words of the same length, but also lexical entries of words of a dierent length are activated. It may be remarked that, despite the main eect of orthographic relatedness and the absence of an interaction between orthographic relatedness and length similarity between prime and target, planned comparisons showed that the 14-ms inhibition eect in the same-length condition was not reliable, and hence that we failed to replicate Segui and Grainger (1990) . It is not clear what caused this reduced ®gure, but it may be interesting to note that Brysbaert, Lange, and Van Wijnendaele (in press, Exp. 3) used exactly the same materials (albeit in a dierent context) and obtained a reliable 25-ms inhibition eect in the same-length condition. Therefore, we are con®dent that the neighbor inhibition eect is reliable in Dutch and comparable for stimulus pairs in which prime and target are of the same length and stimulus pairs in which prime and target are of dierent lengths.
Further evidence for the fact that visual word recognition does not depend only on neighbors of the same length has recently been obtained by Van Heuven and Dijkstra.
1 In two experiments, participants performed a lexical decision task on four-letter Dutch target words. Target words diered with respect to the number of ®ve-letter neighbors, while the number of four-letter neighbors was matched across items. Words with ®ve-letter neighbors were found to lead to slower RTs than words without ®ve-letter neighbors, and the size of the inhibition eect depended on the frequency of the ®ve-letter neighbors. Using somewhat dierent stimuli, Drews and Zwitserlood (1995) also obtained evidence for an inhibitory eect of neighbors of a dierent length. In a series of experiments using Dutch and German stimulus materials, Drews and Zwitserlood presented primes (e.g., kerst) followed by a shorter target (e.g., KERS), matched for frequency. An inhibitory eect of orthographic similarity was present in all lexical decision experiments, and this was true both with masked and unmasked prime presentation. Thus, as in the present study, primes of a dierent length than the target did produce interference.
These ®ndings suggest that orthographic neighbors are not de®ned exclusively at the level of individual letter positions, but also in terms of other sublexical levels of word recognition. For instance, these sublexical levels might be the wickelgraphs used by Seidenberg and McClelland (1989) or the distinction between word onset, word nucleus, and word coda proposed by several authors (e.g., Taft, 1992) . In addition, our ®ndings have implications for studies that look at the eects of neighborhood density (i.e., the number of neighbors of a target word) on word processing, as it may very well be that the densities used thus far have not been appropriately de®ned because they were restricted to words of the same length.
One issue that remains is why participants reacted slower and made twice as many errors when prime and target were of a dierent length, despite the fact that the word frequencies in both conditions were matched. A possible explanation could be found in the``mask appropriateness'' eect on word recognition. Jordan (1990) reported that in a backward-masking paradigm, performance was better if the masks were of the same size as the words, compared to conditions where the masks were longer or discontinuous. According to Smith, Jordan, and Sharma (1991) , participants extracted information about word length or word boundaries from the mask and used this information for target word processing. Thus, although the neighborhood of a word is not con®ned to the words of the same length, information about the length of a word does not seem to be totally neglected in visual word recognition.
Appendix 1
Items used in the experiment, with primes and targets of the same length. Log fr = the logarithm of the frequency on a total of 42,380,000 counts in order to avoid negative numbers; RT = reaction time correct responses, PE = percentage of errors 
